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ABSTRACT

The vast topography paired with the unpredictability of climatic conditions statewide
result in many highraffic incident location®n Vermont highways Such locationsnay also be
difficult to maintainduring winter caditions which only compoundshe unsafe travelling
conditions for motorists.

One specific site locatedlong Vermoh Route 9 in Searsburg, Vermohéas recently
begun exhibitingincreagd safety and maintenangaoblemsin the westbound laneguring
inclement weather The Vermont Agency of Transportation (VTramd)oseto apply an anti
icing overlay produced by Cargill, known as Cargill Safel®aR®X Overlay. The treatment
was installed by District 1 maintenance forces in the summer of 2007. Regeeschnel were
onsite to document thevo-dayinstallation. During the second day installation, it was noted that
water seepage on the steep grade was evident in the travel [Hme. later arose as a
delamination problem over the length of the overlgstem.

Though delamination issues were notdpreexisting cracks,ver the course of the
evaluationthe treatment provided traction for vehicles especially raule trucks Considering
this factor alone, the treatment wdeemedsuccessful Due tothis successit was placed in two
other locations in the northwest region of Vermont. The &pgilication wan a bridge deck
where frequent and sudden braking had caused many rear end collEensecondpplication
wason a downhill lane of aity road, noted to be a high crash locatamvehicles were having a
difficult time stopping at the traffic signal at the bottom of the hill. Bmibvided significantly
different situationswith a similarlyresulting maintenance and safety penid asexperienced in
the Searsburg location.



INTRODUCTION

The weather in the state of Vermont is highly variable with a large randailgfand
annual temperaturedVintertime temperatures fluctuangthin a day byan average temperature
range of approximaty 20°F. In addition to fluctuating ambient temperatures, Vermont receives
an average annual snowfall amount of about 100 inches. These weather copditemsvith
the uniquestatewidetopographyimpacts the safety of the transportation systelm.order to
address this safety hazard, the Vermont Agency of Transportation applies rosdlsaltine,
and sand to combat the formation and buidof ice and snow or to increase friction. While
these have proven to ledfective treatmeist they often require constant attention, especially in
high vehicle incident locations.

The purpose of this studyas to evaluate an experimental roadway treatment
manufactured by Cargill known as Safmé& HDX Overlay The product isan antiicing
pavement overlay stem. Thissystem,comprised of polymer epoxy and aggregatentended
to eliminate ice and frost formation on the riding surfad®hen applied to the surface of a
bridge deck, iis alsoquoted toprovide a barrier to water and chloride intrusion ith® concrete
deck.(1)

Severallocations were reviewed including roadway and bridge deck locations across
Vermont. VTrans along with product representatives decided to place the atalagg VT
Route 9 in the town of Searsburg, VT. This locatiors wlaosen because of the historically poor
traction conditions on the incline in both the travel and passing lanes, especially feaxieulti
trucks. During any given accumulaii of snow,Agency naintenance forceis District 1 noted
numerous incidents wolving vehicles not being able to climb the.3% grade slope.The
selected stretch of highway exhibitddficult travel conditions over approximately 400 feet of
roadwayand carried significant relatecbsts and maintenance concernGargill placed tie
SafeLan®& HDX Overlay in both passing and travel lanes in 2007. Since applied, the treatment
has been used at two other locations in Vermont. ifidtallations at all locations weobserved
by Research personnelThe periodic ealuaions of these loations aresummarized in this
report.

PROJECT LOCATION AND SUMMARY

The experimental feature was applied to the existing roadway surface within the
westboundianes of VT route 9 in the Town of Searsburg at approximately MM 2.660. The
section of roadwaysi very steep and travels wuphildl at
wi dth of 22.506 f?0 fThe gectibnoig parft of a Segné® Yith.ab estfmated
Annual Average Daily Traffic (AADT) of 4300. Of the vehicles, a®@percent are &veling in



the WB lane and 12 % of those vehicles are medium to heavy shoke in Figured and?2
below.
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Figure 1 Percent of vehicle types travehg in the west bound lane.

The existing pavementas completed b$tate Maitenance Activity SMA0111 in 2001.
The repaiiincluded ahin 1 @verlay from mm 1.81 to mm 3.34 in Searsburg. Due to the type of
project and the nature of the thin treatment, no plans were drawn up. Raislitationwas
neededdue to poor performanas project F 0161(32) constructed in 1994 froMM 8.686 in
Woodford toMM 3.531 in Searsburg. Thmojectc ont ai ned an 80 recl ai m
with a 130 type |1 bituminous concrete paveme
type lll bitumi nous concrete pavement wearing coar se
the work in2001,the road has been crack sealed in 2003.

The location was inspected by Cargill and VTrans representatives piappiging the
SafeLan& HDX Overlay to enare that the location was ideal for the treatmehhis location
hasa high rate of wintertime acciderasd incidentsasreported by District Personnel and local
police enforcement. According to the Shaftsbury Polsbecrashes an@ight motor vehicle
complaints have been reported over the wifitem November 2006 to February 2007 he
Shaftsbury Policeoted that most of thesuesemanatdrom heavy trucks becomingfuck atthe
base of the steep incline, which, in turn, causes addittoaifiic problems. 7 crashes and 22
complaints have been reported in 2005 and 2006. Out of the 22 complaints, 20 were reported



from November of 2005 through February of 2006. Additionally, District personnel provided
additional commentargoncerningnumerous craskvents during a single snowstorm event and
the need for constant reapplication of deicing chemicals. It is commolodalr and state
officials to close off this roadway sectidor periodswhile addressing vehiculancidents.

MATERIAL DESCRIPTION

According to the manufactureSafeLan& HDX Overlay was developed at Michigan
Technological University and is licensed and marketed by Cargill based in Wayzata, Minnesota.
It is a patentetivo componenpavement overlagystem that reduces ice or frost fotraa on its
surface while protecting infrastructure from corrosion and chloride intrugipnThe two part
system is composed oflemestone aggregate and modified Type lll, {part polymer epoxy
system meetng the requirements of ASTMC-881, Grade 1, l@sses B& C. (1) The
SMARTBOND™ epoxy system is manufactured by Unitex and is quoted to have excellent, high
earlybond strength2y | n accordance with the manufactur
a minimumofE6 t hick with an in place weight of
Proper installation should result in a minimum adhesive strength of 250 pounds per square inch
24 hours following applicatior{1)

INSTALLATION

Construction of the Cargill Safela Overlay began on July 10, 2007. In accordance with
the Experimental Featuré&/ork Plan, WP2006R-4, the experimentgafeLan& HDX Overlay
was placed in the westbound lanes\6h Route 9 for a distance of 273 feet. Each lane was
prepared and treataddividually starting with the passing laneAll labor was provided by
District 1 Maintenance forceslhe installation was supervised bZargill representative

Preparation included sandblasting the pavement with a medium sand to remove oils and
pavemat markings to provide proper adhesion between the epoxy and the roadway surface
shownin Figure 2 below. Prior to this,high-pressurewater blastingand high-pressurewater
blastingwith sand proved to be ineffectiv8’he use opowered aitblowers to emove the sand
was insufficient due to the capacity, so it was swept off using a sweeper.

On the following day, the remaining particles were blown off with an air compressor
shown inFigure 3 below. Upon completion of the cleaning process, duct tape usad to
delineate the area of application.

The mixing of the twepart epoxy was the next step in the proceHse two partof the
epoxy were individuallypoured into &gallon bucket asshownin Figure4 below Thetwo parts
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were then poured into a fger container in a 1 to 1 volumetric ratio amiked using alarge
paddlemixer for approximately 3 minuteshown inFigure5. Due to unfamiliarity with the
product, the representative from the manufacturer had the workers start with a small load size of
about3.7 gallons.

Figu 4 Part A ad PartB Figure 5 Mixing the Epoxy

Once properly mixedhe epoxy wagnmediatelypouredonto the road surface beginning
at the top of the test section where it was spread uniformly with groovestc¥ied squeegees
shown in Figurés. The aggregate was then spread over the epoxy layer using stfumelsin
Figure 7. An approximatdength ofl foot of epoxy was left uncovered at the end of each pour
so the pour that directly followed could form a smooth joint. The ductwageemoved before
the epoxy completely cured at about 15 to 20 minutes after appiicatio



Figure 6 Spreading Epoxy igure 7 Spreadig limestone

After the workers were familiar with the procebatches of 4.7 and 9.4 lgns of epoxy
were usedn the application, whiclsped up the pcess. After completion of the firsturse, an
hour was dbtted for the epoxy to cure gnsure proper compaiiiiby for the secondourse The
pour of the first layer started at 9:11 AM and the section was finished at 10:57 IAM
important to nat thatepoxycuring times are dependent on the average temperature of the
pavement and ambient temperatures.

In preparation for the secotift, the area was swept twice with tmechanicabweeper
blown with leaf blowers and the air compressor to ridrof excesaggregate It was once again
delineated with duct tape. The section edges were @gadover the edge of the first lift to
create a space form a level joint between thedjacentanes. This was important tqrovide for
a smoother tranon upon entering the overlay from thentreatedroadwayfor all roadway
users To ensure the overlay areas uniform in thicknesslarger epoxy mixturesvere used to
ensure that the entire surfas@s coated with the twpart mixture. Theatches aplied were
between9.7 and 18.4 gallons. The epoxy was spread usindpliaied squeegees shown in
figure 8 Once consistency wavident,the aggregate was spread over the epoXiter the
crew completed the second layer and allowed it to cureastamce again swept and blown with
an air compressor to rithe surfacef any excesaggregate On the final day of installation, the
same process was used for thevel lane except that duct tape was only used to delineate the
upper and lower widths @he section, not along its length on either siflae completed surface
is shown in Figur®. Thecompleted grface textureas shown in Figure 10, and the textaiter
ayear of service is shown in Figuté.



Figure 8 Placenent of the second lift.

Figure 9 Completed overlay



Figure 11 The texture of the SafeLane overlay after a year of séce.



An overview of the project was provided liie Cargill Representativeroviding
valuable information such as application rates, material usagewrdimes. The average
overall application rate for the project was 0.102 gallons per squareThbetfirstlift averaged
an application rate of about 0.026 g/sf and the setifinalveraged and application rate of 0.077
g/sf. These were the average of both lanes. All of these values met tifieatmets provided
by the manufacturer. For theditift on thewestboundassindane,119.6 gallons of epoxy and
roughly 3.4 bags at 2,500 Ibs each were used. Information on the amount of material used was
only provided for the firstift of the passing laneCuretimes averaged roughly 10+ minutes
throughout the duration of the project.

The weather on the first day of installation was cloudy and humid with temperatures
ranging from 70°F to 80°F. During late hours of the projejresstormpassedver the section
of roadvay. This created seepagdong the centerline joint leavingiater markingsin the
driving lane. The final day of the project was sunny and humid with an average temperature at
about 65°F to 70°F. Onadliinal day, the sun heated the pavement to almost 10@Feasing
curetimes.

PERFORMANCE AND OBSERVATIONS

Cracking, rutting and IRlor the International Roughness Indexdues of the original
roadway vasused to correlate data for examinatioh 1 00 6 t e sdstablishedhitiinon was
the area of application before instalbaito document average cracking and to collect rut depths
using a handheld rut gaugé&he test sitavaschosen to represent tiheost typicalarea and was
|l ocated 12406 downhi ||l f .rMoshof thé distrelssewgs lotatdd mghe o f  t
right wheel path of the travédne VTransod Pavement Management
and IRI measurements along the 300 ft section usirmpd profileron a biennial basis. All
pavement distress data is summarized below.

2007/2008 Winter Season

In the first winter of the application of the overlay, the maintenance district applied a
liquid deicer, calcium chloride (Cag)l to the surface following each storm for preparation for
the next storm. The plowing and salting activities by the district redaunder normal
operating procedures. While snow had accumulated on theiagtioverlay in the westbound
lanes, greater amounts of snow accumulated on the untreated eastbound lane. The district
reported that the overlay provided an increased traationng the winter season. All
documented incidents where heavy trucks were not able to clingvatiewere reported to have
occurred at the base of the incline prior to where thei@inty overlay treatment was applied.




Trucks that managed to reacle thverlaytreatmentwere able taeach the top of the grade. In
the same season, no reported highway incidents or crashes were reported.

Cracking
There are several causations for cracking in flexible pavements, including inadequate

structural support suchis the loss of base, subbase or subgrade support, an increase in loading,
inadequate design, poor constructi@atypical environmental conditionsr poor choice of

materials. For this analysis, longitudinal and transverse cracking was examined. lualgitud

cracks run parallel to the laydown direction and are usually a type of fatigue or load associated
failure. Transverse cracks run perpendicul ar
of criticaltemperature failure or thermal fatigue tmaay be induced by multiple freedeaw

cycles.

Table 1 Cracking Summary.

Year Transverse | Fatigue | Longitudinal Reflective | Total Pop-outs
Preapplication- 2007 31 113 261 0 292 N/A

2008 24 111 543 0 567 14

2009 24 152 556 0 580 28

Prior to the apptiation most cracking was located in the right wheel path (RWP) of the
travel lane presumably due to a slight turn effecting weight distribution of traveling vehicles
resulting in load failures in the pavement. Transverse cracking was the only type ksf crac
noticed in the passing lane although there were abrasions evident possibly from heavy trucks
using chains on their tires in winter months. All cracks along the sectionpneaiieuslyfilled
with a crack fillmateria] which according to the manufacturwould not adhere to the epoxy.
District personnel chose to leave the crack fill in place prior to applying the overlay. After
installation, cracking was evident within the 100 ft test section.

None of the cracks appeared to reflective cracks. &eftecracks are those in the newly
appliedsurface layethat permeate fromreexistingcracks in the underlying layers. Most of the
cracking was longitudinal in nature. The overlay is not a structural overlay and was not expected
to prevent new crackg) however if underlying cracks are propagating through the overlay it
may cause the overlay to break apart and deteriorate at an increased timeframe than expected.

Rutting
Rutting is generally caused by permanent deformation within any of the pad@é&ement

layers or subgrade and is usually caused by consolidation or lateral movement of the materials

-10-



due to traffic loading. Throughout the duration of the investigatibrdepths were quantified
using two methods summarized below.

Rut Gauge Method

A rut gawge was utilized to quantify the overall depth of rut withit e
Depth measurements were collecteed 5 0 6
section. Tle method requiresxtending a string across the width of tbad and measuring the

vertical distancebetween the string and the deepest depression within all wheel paths identified

f oot i nter val

tdsOsBction.

S

from

along the length of the string. All measurements were recandsthndard field formto aa"™

of an inchaccuracy It is important @ note that this procedure is highly subjective due to the

nature of the data collection procedufBable 2displays the rut data that was collecfetbr to
application and the twiollowing years Datashow significant deformation within the RWP of
thetravel lane, further supporting presumptions made in the cracking section of this report.

Truck ProfilerMethod

Because the truck profiler is calibrated and is an objectiveatditection device, which
integrates measurement over distance, the datactedl for both rutting and IRl should be
regarded as more representative than the handheld rut gauge method. The average rut depths

recorded with the profiler are summarized in Table 3. Although considered more accurate, the
trends are the same. Thehtigvheel path both before and after the overlay was installed was

experiencing much more deficiencies than the rest of the area.

Table 2 AverageRut Depthsi Measured using the rut gaug€inches)

Location Passing Lane Travel Lane
LWP | RWP | LWP | RWP
Pre-application - 2007
0+ 00 0.000 | 0.000 | 0.125 | 0.625
0+ 50 0.000 | 0.000 | 0.125 | 0.750
0+ 100 0.000 | 0.000 | 0.125 | 0.500
Average 0.000 0.000 0.125 0.625
2008
0+ 00 0.000 | 0.000 | 0.000 | 0.000
0+ 50 0.000 | 0.000 | 0.000 | 0.000
0+ 100 0.000 | 0.000 | 0.625 | 0.250
Average 0.000 | 0.000 | 0.208 | 0.083
2009
0+ 00 0.000 | 0.000 | 0.125 | 0.250
0+ 50 0.000 | 0.000 | 0.250 | 0.250
0+ 100 0.625 | 0.000 | 0.250 | 0.000
Average 0.208 0.000 0.208 0.167
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Table 3AverageRut Depthsi Measured using the truck profiler (inches)

Year Passing Lane Travel Lane
LWP RWP LWP RWP
Pre-application -
2007 0.02 0.024 0.087 0.362
2009 0.047 0.020 0.091 0.413

International Roughness IndelR(,) is utilized to characterize the longitudinal profile
within the wheel paths and constitutes a standeddmeasurement of smoothness. According to
, m@asurenhe tusdative movement | e s

Better Roadavdmgarzosel RA

of the suspension of the quartar system divided by the traveled distance. This simulates ride

smoothness at 50 mie s p e (8) IRl values.a@ directly correlated to pavement distresses

The Federal Highway Administratio(FHWA) has published a conditional rating scale of a

roadway segment based upon IRI ressttewnin Table4. It should be noted thdhe sale is
based on averadRlI values collectedver a much larger span of roa@ihe valuestill providea
rating that can be applied to the treated sec(®n

Table5 depicts the average roughness as described by the IRI valledHdhe passing

and tavel lanes of the treate2D0 ft section of overlagreain the westboundlirection. The

eastbound travel lane was included as well. The eastbound lane was used as to gather baseline
numbers for the IRI values collected. Prior to placing the over&aRWP in both directions fell

within the mediocre range on the FHWA scale and the LWP was considered to be fair across the
Du e -otuot 0s edveelraami nfiapta po n s
2009, two years after application wemuch higher than pi&pplication. The IRl in the RWP

boar d.

descr.i

where a good portion of the papits were documented was 390 on average.

Table 4 FHWA IRl PavementCondition Scale.

Condition Categories | Interstate Other
Very Good <60 <60
Good 60-94 60-94
Fair 95119 95-170
Mediocre 120170 171-220
Poor >170 >220

-12-
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Additional Observations

On the second day of the installation, water seepage along the centerline joint was noted
in the travel lane and was attributed to the heavy rainstorms the night beforee 6Tabl
summarizes the water seepage locations. The water seeped through the first lift of the overlay as
can be seen in Figures 10 and 11 below.

Table 5 Average IRI values collected with the truck profiler.

WB Travel EBTravel
Year WB Passing Lane Lane Lane
LWP RWP LWP | RWP | LWP | RWP
Pre-application - 2007 151 171 163 209 131 219
2009 200 168 191 390 151 169

Approximately four months following installation, these areas began exhibiting distress
p rostaicprassurebf yhe grdumdwaltey vatinin
the steep incline caused the portions of the treated area to essentially lift from the layers below

in the foumsof wheope

resultiogtionofmpewt hol e

ar eas.

I n

meraiytthe c as e s ,

overlay but portions ohie underlying pavement as well. These areas are summarized in Table 7.
Some of the poput or pothole areas are near the water seepage locations noted during the
application. Figure 12 shows one of the pothole&s such, many poeputs were failures ahe

underlying pavement and not the overly itself.

Table 6 Water seepage locations.

Distance Distance
Location from top Location from top
of hill (ft) of hill (ft)
1 29 6 118.5
2 39.4 7 138.6
3 74.2 8 145.8
4 102.5 9 148.8
5 110.5
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Figure 12: Water Ieakin from the centerline Figure 13: Water seeping through f'lift of
joint overlay

Figure 14 An example of a pothole. The underlying pavement wagted out with the
overlay.
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http://www.cargill.com/products/salt/winter/safelane/index.jsp
http://www.cargill.com/wcm/groups/public/@ccom/@ps/@industrial/@winter/documents/document/cdt-safelane-smartbond-tds.pdf
http://www.cargill.com/wcm/groups/public/@ccom/@ps/@industrial/@winter/documents/document/cdt-safelane-smartbond-tds.pdf
http://www.betterroads.com/articles/jun02b.htm













